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HISTOCHEMICAL DISTRIBUTION OF ACID PHOSPHATASES
IN NORMAL HUMAN SKIN*I
GHJSEPPE MORETTI, M.D. AND HERBERT MESCON, M.D.
Since the report of Gomori (1) of a histochemical method to reveal sites of
acid phosphatases activity directly in tissues, many authors applying this
technic or its modifications to different tissues, observed its presence in various
organs i.e. prostate, liver, human bone marrow, placenta, etc. (1, 2, 3, 4).
Reports of this enzyme in the skin have been few. In the normal human skin,
Gomori (1) and later, Fisher and Glick (5), were unable to demonstrate the
presence of sites of acid phosphatases activity, using the first substrate devised
by Gomori on sections obtained from paraffin embedded tissues. No acid phos-
phatases were found in the human eccrine and apocrine sweat glands by Bunting
et al. (6). Shelley and Mescon (7), using frozen sections of fresh tissues were
able to demonstrate acid phosphatases in the eccrine sweat glands. In pathologic
human skin, Lemon and Wisseman (8) reported large amounts of acid phos-
phatases in squamous cell carcinoma; Mescon et al. (9) revealed enzyme activity
in lesions of molluscum contagiosum. In animals, Montagna and Hamilton
(10) observed an appreciable amount of acid phosphatases in the sebaceous
glands of the hamster; so did Cater and Lawrie (11, 12) in the preen gland.
However, the reliability of the method itself, as well as the presence and exact
localization of acid phosphatases in the various cellular structures were the
subject of considerable discussion. Using histochemical methods on sections,
several authors (1, 2, 3, 4) reported the presence of acid phosphatases in the
nuclei; different localization was reported by others (13, 14, 15). This later view
was supported by those investigators (16, 17, 18) who, through separation of
the cell structural components by ultracentrifugation, found the highest con-
centration of acid phosphatases in the cytoplasmic fraction. Gomori's technics
were based on the precipitation and staining of lead salts at the site of phos-
phatases activity. Several newer technics based on different diazonium salts
(19, 20, 21) have been developed in an effort to diminish artefact and obtain
more accurate localization of the sites of phosphatase activity.
The purpose of this paper is to report the results of the application of these
newer technics for demonstrating sites of acid phosphatases in normal human
skin and its appendages and compare them with the older method.
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I. METHODS
Ninety specimens of normal skin, obtained from 38 male and 52 female sub-
jects, between 12 and 75 years of age were studied. Fifty-five biopsy specimens
were obtained from living patients or volunteers. Thirty-five specimens of
autopsy material were obtained less than 8 hours after death. Some of the
biopsy specimens from living patients were obtained without anesthesia, using
a high speed electric punch (22). On other subjects, 2 % novocaine was injected
locally as an anesthetic. Specimens were taken from the scalp, axilla, midline
of the abdomen, forearms, palmar and planter surfaces, and other sites in pro-
gressively decreasing number. Using a modified Adamstone-Taylor technic (23),
unfixed frozen sections, cut at 10—15 ,u, were placed in the desired substrates or
stains with and without preliminary acetone fixation. The following stains
and histochemical technics were used:
A. Hematoxylin and eosin stain. This was performed on formalin fixed frozen sections.
B. Gomori's technic (p4): Frozen sections, with or without preliminary fixation for 30
seconds in cold acetone, were placed in the following substrate• 0.6 gm. of lead nitrate
(about 0.003 M) and 50 ml. of a 3% solution of sodium glycerophosphate (about 0.1 M) were
added to 500 ml. of a 0.05 M acetate buffer pH 5. Two similar control solutions, final pH 5,
were prepared. From one, the sodium glycerophosphate was omitted. To the other control,
sodium fluoride (0.05 M final concentration) was added. Sections were incubated in the sub-
strates for 10, 20, 30, 40, 50, 60 minutes, and for 2, 3, 4, 6, 12 and 24 hours at 370C. and
treated according to Gomori's technic. The final sections were ofttimes counterstained
with light green.
C. Rutenburg's technic (p5): This method was applied to alternate sections to those used
above or to additional biopsy specimens. Frozen unfixed sections were immersed briefly
(3 minutes) in solutions of sodium chloride (0.8%, 1.0%, 2.0%) prior to incubation in the
hypertonic substrate solution. The substrate was prepared by dissolving sodium 6-benzoyl-
2-naphthylphosphate (25 mg) in 80 cc. of distilled water, adding 20 cc. of acetate buffer
(0.5 M) pH 5.0. The substrate was made hypertonic by the addition of sodium chloride
(2gm to each 100 cc. of solution). Sections were then incubated at 25° C. for the same times
as above. Control substrate solutions containing 0.05 M sodium fluoride were used along
with controls without phosphate. After incubation sections were washed 10 minutes each
in 2%, 1%, and 0.8% saline solutions, then transferred to a cold, freshly prepared, solution
of tetrazotized—diorthoanisidine (1 mg/cc in water made alkaline with sodium bicar-
bonate). In this solution the sections were gently but continuously agitated for 5 minutes.
Sections were washed in 3 changes of cold 0.85% sodium chloride solution and then in water
(10 minutes each), and mounted with glycerol or dilute Karo solution. No counterstain
was used.
D. Burton's Technic (fl: Frozen sections, fixed 30 seconds in cold acetone, were placed
in the following substrate mixture: 2 mg sodium alpha naphthyl acid phosphate, 30 mgm
tetrazotized diorthoanisidine, 10 cc. of 0.1 M acetate buffer pH 5.8. A control solution pH
5.8 containing sodium fluoride was also used. All the sections were incubated for the same
time as above at 37° C. Sometimes a light green counterstain was employed.
II. RESULTS
The control sections with all methods were negative. With any one substrate
the results varied according to the length of time of incubation in the substrate.
Some variations in localization of stain were noted with the different substrates.
A. Gomori's Technic The final precipitate which is supposed to indicate
sites of acid phosphatase activity is light brown (minimal) to black (marked).
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Epidermis: At 30 minutes the keratin layer revealed a black patchy precipi-
tate. The region of the granular layer was most consistently stained with a
narrow dark brown zone whose edges were not sharply delineated. The nuclei
of the granular layer, when identifiable, did not appear to be stained. Between
FIG. 1. Gomori's method: Two hours of incubation. Epidermis: Intense diffuse staining
of the upper regions. Nuclear precipitate of the malpighian and basal layers.
FIG. 2. Burton's method: Two hours of incubation. Epidermis: Cytoplasmic precipitalo
of all cells. Marked staining of the upper layers.
FIG. 3. Rutenburg's method: Two hours of incubation. Epidermis: Cytoplasmic pre-
cipitate. More marked staining of the granular and upper malpighian coIls. Minimal stain-
ing of the keratin layer.
350 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
these 2 layers a thin clear linear region of unstained tissue was occasionally
present. In the malpighian layer minimal staining of the nuclei was confined
to the area beneath the granular layer. As the time of incubation was increased
from 2 hours to 6 hours the clear zone between the granular and keratin layer
narrowed and disappeared. The keratin layer gradually stained diffusely and the
zone of the granular layer darkened so that usually by 6 hours the limits between
the two zones was indistinguishable. Meanwhile, all the nuclei of the rete and
the basal layer progressively stained black with the external layers of the mal-
pighian zone staining most heavily (fig. 1). In longer incubation times, 12—24
hours, one had the impression of a progressive downward extension of the black
band of precipitate to include more of the malpighian layer. However, in certain
regions, such as palms and soles, the layer corresponding to the stratum lucidum
never stained as well as the other layers. After 2 hours the cytoplasm of the
malpighian layer, previously unstained, started containing a mild brownish
diffuse precipitate, so that the epidermis, incubated at 24 hours, except for the
stratum lucidum, revealed a continuous black brown zone of staining.
Eccrine sweat glands: These did not stain before 3 hours of incubation. The
nuclei of the secretory cells were reactive. Some of the myoepithelial nuclei
stained poorly. In the duct the nuclei were well stained. In the duct lumen, the
region corresponding to the cuticle showed a black well defined zone of precipi-
tate. With longer incubation times (fig. 4), an increasing cytoplasmic staining of
gland and duct was evident. After 12 hours an amorphous mass of black pre-
cipitate completely filled the lumen of the glands.
FIG. 4. Gomori's method: Six hours of incubation. Eccrine sweat glands and ducts.
Nuclear precipitate with some cytoplasmic staining of the duct.
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Apocrine sweat glands: With all the technics employed, these glands differed
from the eccrine sweat glands by staining more intensely and with shorter
incubation times. Weaker staining was noted in those glandular structures
which were lined by flattened epithelium. At 1 hour, many nuclei in the secre-
tory portion stained well. The myoepithelial cells remained unstained. Detritus
in the lumen appeared reactive. The cytoplasm of the secretory cells, stained in
part brown especially the lumenal portion. By 12 hours, the whole secretory
epithelium was intensely brown or black. After 6 hours, a poorly delimited zone
of black precipitate was noticed in the periglandular connective tissue.
Sebaceous glands: These glands contained precipitate at 3 hours, and some
times earlier. Intense black staining at this time was confined to the nuclei,
being more noticeable in the region of the generative cells. At 4 hours, many
nuclei stained among the mesh-work of fatty laden cells. About 6 hours, the
cytoplasm throughout the gland started to stain. After 12 hours, an appreciable
increase of the precipitate was noticed as well as a black-zone of precipitate in
the periglandular dermis.
Hair: The nuclei of the hair papilla stained. There was strongly positive
staining at the level of the keratogenous zone. The cortex did not stain, but the
medulla, when present, stained well. The two inner sheaths seemed to be posi-
tive. In the outer sheath the nuclei were stained. Although the glassy layer
remained negative, one could observe with long incubation times a zone of
staining on the surrounding dermis. A more detailed study of distribution of
acid phosphatases localization in relation to the hair cycle is being undertaken
and will be reported later (26).
Dermis: No staining was noted in the dermis earlier than after 1 hr. of in-
cubation, when, in the papillary part of the corium, a light brown precipitate
was noted. With longer incubation times (12 hours) dark brown-black precipi-
tate could be observed throughout the dermis, being, however, marked around
the appendages. No other histologic structures were appreciably stained.
B. Rutenberg's Technic: The color of the final dye varies from purple or red
where the enzymatic activity is weak to deep blue where acid phosphatases
activity is marked. Unlike the predominance of nuclear staining with the Gomori
technique, the localization of the colored dye with the Rutenburg method was
chiefly cytoplasmic and not as sharply defined. In general, more extensive stain-
ing appeared after shorter incubation times than with Gomori's method.
Epidermis: Incubation from 30 minutes to 2 hours showed purple cytoplasmic
staining of all the epidermal layers, more marked (deep purple) in the upper
malpighian and granular layers. The keratin layer, was usually minimally
stained or unstained (fig. 3). When it did stain, a pale blue color was seen in the
zone adjacent to the darker staining granular layer. Occasionally between these
layers a thin, poorly defined, zone of unstained tissue was observed, apparently
corresponding to the zone of the stratum lucidum. This was most marked on
the plantar region where an occasional granular cell adjacent to the lucidum zone
also remained unstained. That portion of the epidermal eccrine sweat duct unit
passing through the keratin layer stained somewhat differently from the adjacent
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keratin at that level. Variable accentuation of blue staining around the duct was
seen and there was a tendency for a persistence of purple-red staining of the
lumenal portion extending to the level of the outer one-fifth of the keratin layer.
With increased incubation times one observed progressively more intense blue
cytoplasmic color of all the epidermal layers including the keratin which still
showed considerable variability of stain. In the malpighian layer, a more intense
reaction on the cells immediately around the sweat duct unit was noted. After
2 hours nuclear staining could be noticed increasing at three and four hours,
so that at 6 hours often only the basal nuclei and the lower-most malpighian
nuclei were still incompletely stained. At 24 hours, most of the epidermis was
represented by an intensely blue-black band of precipitate; rarely, the external
portion of the keratin layer had less stain.
The Eccrine Sweat Glands: These did not stain as much as the other dermal
appendages or the epidermis except when incubated for the longer incubation
times (12 and 24 hours). After 30 minutes the secretory portion appeared ho-
mogenous purple-red, while the duct stained more granular and blue (fig. 5).
The myoepithelial cells were negative. On longer incubation one continued to
observe the more marked staining of the duct.
The Apocrine Sweat Glands: At 1 hr. the cytoplasm of the secretory portion
appeared light blue, fading toward the basal part of the cell. This predominant
staining around the lumen was most pronounced when much lumenal detritus
was present, which variably stained purple or blue. The myoepithelial cells
remained unstained. At 2 hours there was marked diffuse increase of staining
FIG. 5. Rutenburg's method: Two hours of incubation. Eccrine sweat glands and ducts.
Homogeneous staining of the secretory portion and granular staining of the duct.
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FIG.6. Rutenburg's method: Two hours of incubation. Secretory portion of the apocrine
sweat glands. Cytoplasmic staining more marked toward the lumen.
(fig. 6). At 4 hours the lumenal side of the secretory cytoplasm stained intensely
blue and was hardly distinguishable from the similar staining of the detritus.
After 6 hours a blue zone of precipitate in the periglandular dermis could be
observed.
Sebaceous Glands: At thirty minutes, the cytoplasm of the generative layer
and of the network between the fat lobules stained purple. However, a deep
purple staining of the duct was noted which increased toward its junction with
the hair follicle (fig. 7). At 6 hours, the generative layer, the network of cells
of the gland, and the cells of the duct stained blue-black. Some of the fat lobules,
started showing an irregular pink-red staining after 2 hours. However at 24 hours
part of the fat lobules were still unstained while all the remaining glandular
structures were deep blue or black. A deep blue zone of precipitate was present
in the surrounding dermis at the longer incubation times.
Hair: The hair follicle stained intensely. With short incubation the papilla
stained minimally. The bulb was moderately positive, but the keratogenous
zone was intensely so (fig. 8). The cortex was negative. The medulla, stained
well. Both the inner and outer sheaths stained. The outer sheath, which stained
poorly at the level of the bulb, stained progressively better toward the level of
the entrance of the sebaceous duct especially the innermost layers (fig. 9). The
glassy membrane was unstained, but with longer incubation times, staining of
the surrounding dermis was evident.
Dermis: The dermis was unstained at 30 minutes except for occasional small
scattered linear blue strands. As the staining time increased, greater numbers
-I
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FIG. 7. Rutenburg's method: Two hours of incubation. Pilosebaceous apparatus
FIG. 8. Rutenburg's method: Four hours of incubation. Hair bulb and keratogenous zone
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flu. . 1-tutenburg's method: Two hours of incubation. ilair follicle: Cortex and glassy
membrane unstained. Outer and inner sheath stained.
and thickness of these linear strands were noted so that at 12 hours many of
these appeared as thicker dark blue bundles. Periappendageal concentration
of stain noted above was present. The arrectores pilorum did not stain well. The
capillaries appeared negative. After 4 hours one could notice some mild staining
of the arterioles.
C. Burton's Technic: The color of the precipitate varies from a mild brown
(minimum) to a dark brown-black (maximum) stain. Changes, however, in
concentration of the substrate or in the pH of the incubating media can result
in the formation of a red color.
Epidermis: Localization of the stain with this method was similar to that
with Rutenburg's technic i.e. eytoplasmic. At 30 minutes one could observe
brown staining of all layers which stained irregularly dark brown-black in its
deeper layer and remained unstained in its outermost region. The upper mal-
pighian and granular layers were dark brown, especially those cells around the
intraepidermal sweat duct unit. Plantar skin stained essentially similar, except
for a pink to red color of the keratin layer. Between the keratin and granular
layer, however, a fairly wide unstained zone was present corresponding to the
stratum lucidum. At 2 hours this zone has almost completely disappcared and
the keratin layer was uniformly almost black (fig. 2). At longer times one had
the impression of a progressive increase of the dark brown black precipitate of
the upper-most malpighian layers with the beginning of nuclear staining in the
upper rete cells. At 6 hours this nuclear staining occurred also in the lower
epidermal layer. At 12 hours most of the epidermis appeared as a homogeneous
Iv
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Fia. 10. Burton's method: Two hours of incubation. Cross section of sebaceous glands
and hair follicle: The germinative cells and the trabeculae of the glands are stained. The
outer and inner sheaths of the hair stain. Compare with figs. 7 and 8.
dark-brown-black band of precipitate, where no individual cellular structures
were recognizable.
The Eccrine Sweat Glands: After 2 hours, the secretory portion stained moder-
ately brown, especially toward the lumen. In general the duct stained darker
than the secretory portion. The myoepithelial cells were negative. With in-
creased incubation times, one had the impression of increased staining so that,
often at 24 hours all portions of the glands and ducts were stained black.
The dermis and other dermal appendages (fig. 10) stained in a similar fashion
to that already described with the Rutenburg's technic.
III. DISCUSSION
Using three different histochemical technics, employing frozen sections, acid
phosphatase activity was demonstrable in the human skin. The reports in the
literature of lack of demonstration of this enzyme in skin are by those authors
who failed to use frozen or freshly obtained tissue. As Gomori pointed out, his
original substrate did not consider the ratio between buffer concentrations and
substrate as a very important one. That ratio was undoubtedly not optimal
and gave rise to "all or none" phenomena partly explaining the negative results
of some of the investigations (27). The results obtained with the shorter incuba-
tion times i.e. from hours to 2 hours are probably the most reliable. The
shorter the incubation period, the less likelihood is there of diffusion (28). The
more quickly the salts are precipitated the more likely is it that their localization
is correct and not attributable to such changes in pH, random currents, etc.
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However, the histochemieal threshold of sensitivity of our method using skin
has not been determined. Longer incubation periods may demonstrate additional
sites of true, but weaker, phosphatase activity as well as of diffusion artifacts.
Since no clear cut end point for incubation times has been clearly determined
for any of the methods, we have reported our results with the longer incubation
times as well as the shorter ones. Our preliminary observation to determine
proper end points for incubation times, indicate a wide range between the time
for optimum and for maximum histochemical demonstration of phosphatase
activity. These are being correlated for the different methods with direct chemical
essay and will he reported later (29).
Our histochemical results with skin support those of investigators using
tissues other than skin. That is, Gomori's method, in general, revealed localiza-
tion of stain in nuclear location and Burton's and Rutenburg's methods revealed
cytoplasmic localization. The predominent cytoplasmic localization, reported
by the use of tissue homogenates and other histochemical azo dye methods
(18, 19, 20) lends weight to the probability that cytoplasmic localization is a
more accurate one. This is further supported by the cytoplasmic staining of the
granular layer even observed with Gomori's method in the shorter incubation
times and later seen also in nuclear location.
The biologic meaning of acid phosphatases is, so far, purely a matter of specu-
lation. In the literature one finds a wide range of activity, attributed to these
enzymes, in the metabolism of phosphoric esters of carbohydrates (30), nucleo-
proteins (31) phospholipids (32), etc. Their meaning in the human skin as well
as the reason for the differences in intensity and facility of staining of the various
epithelial structures is not understood.
In general one observes maximal stain in the zone of transition from nucleated
epithelium to keratinized regions. This is seen in the granular layer of the surface
epithelium, in the hair follicle or in the keratogenous zone of the hair bulb. The
fully keratinized structures tend to remain unstained. The "hard" keratin of
the hair does not stain. The "soft" keratin of the surface as well as the inner
sheath of the hair stain minimally and variably. This latter staining may be
attributable to diffusion from the adjacent heavily stained granular layer. How-
ever, the lack of staining of the stratum lucidum with short incubation times
even though the adjacent granular layer and external keratin are stained does
not fully support the premise of diffusion alone as the cause of staining.
Some authors have noted a direct relationship between glycogen and acid
phosphatase in animal skin (12). Others have remarked about the presence and
role of glycogen in the keratinization process (33, 34, 35). Our own observations
do not fully confirm or deny a direct or inverse relationship between the histo-
chemical demonstration of these two substances. On the other hand, the reported
histochemical distribution of protein bound sulfhydryl group (36, 37, 38) appears
to correspond in their maximal concentration to the observed sites of maximal
acid phosphatases concentration. The exact nature of the relationship among
acid phosphatase, glycogen and free SH groups in keratinization is still to be
ascertained.
There has been much speculation about the role of acid phosphatases in
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nucleic acid metabolism. Certainly if the cytoplasmic localization of the enzyme
is the correct one, its possible role in cytoplasmic ribose nucleic acid metabolism
has to be considered (35) (4).
The relationship of acid phosphatases to phospholipids is interesting. It has
been suggested that phospholipids (including phosphorylcholine) diminish
markedly in the process of keratinization (39, 40) as well as in sebum formation
(41). Lundquist (32) showed that phosphorylcholine is an important naturally
occurring substrate of prostatic acid phosphatase. The presence of acid phos-
phatases has also been demonstrated in the basal cells of the sebaceous glands
of the hamster (10), in the preen gland (11), and in human sebaceous glands, all
rich in phospholipids. Thus the breakdown of phospholipids in the skin may well
be dependent on acid phosphatases (41).
The difference in degree of staining of the epidermal eccrine sweat duct unit
(EESDU) both in the keratinized and non-keratinized portions of the epidermis
would tend to support the hypotheses (42) of the EESDIJ as a partially inde-
pendent structure.
The presence of marked periappendageal staining with long incubation times
and absence of staining with shorter periods strongly suggests that diffusion
may account for this. The lack of acid phosphatases in collagen has been con-
firmed (43). Background staining with lead salts or azo dyes has been described
(19, 21).
SUMMARY
1. The presence of acid phosphatases in the human skin with fresh frozen
sections has been demonstrated.
2. Gomori's, Burton's and Rutenburg's histochemical methods have been
compared.
3. In general, maximal staining occurred in the regions of transition to keratin.
4. The significance of these findings has been discussed.
Technical assistance in the laboratory is credited to Miss Norma Simpson.
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DISCUSSION
DR. WALTER C. LomTz (Hanover, New Hampshire): I certainly want to
congratulate Dr. Moretti and Dr. Mescon on this beautiful piece of work. I
would just like to ask a question concerning the heavy deposit of acid phos-
phatase along the luminal border of the lining cell of the sweat duct, both in
the Rutenberg and Gomori stain. This seems to be the same material that we
found to be Schiff positive, non-glycogen (recently Cormia also confirmed this).
It is also rich in disulfide concentrations and is basophilic. This material prob-
ably plays a very significant role in some function of the sweat duct or gland.
Now you seem to demonstrate heavy concentrations of acid phosphatase in it
just as you can in the granular zone of the epidermis. Any comments concerning
this would be appreciated.
DR. FRANK CORMIA (New York, N. Y.): I would like to ask a question. The
authors state in the brief of their report that they were going to discuss varia-
tions in acid phosphatase activity in different phases of the hair cycle. I wonder
if perhaps as they summarize they might discuss this point?
DR. GIUSEPPE MORETTI (in closing): Thank you very much, Dr. Lobitz, for
your comments. We have observed acid phosphatase activity, or better a pre-
cipitate corresponding to acid phosphatase, to be increased in the malpighian
cells immediately surrounding the intra-epidermal part of the duct unit. In the
keratin layer this staining of the duct looked to be much more marked toward
the luminal portion.
About the comment of Dr. Cormia: We are trying to make an evaluation of
the variation of acid phosphatase in the hair cycle, but are not prepared to make
any comment at this time.
